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Abstract 

We study several aspects of generalized Janus configuration, which includes a 
theta term. We investigate the vacuum structure of the theory and find that unlike 
the Janus configuration without theta term there is no nontrivial vacuum. We also 
discuss BPS soliton configuration both by supersymmetry analysis and from energy 
functional. The half BPS configurations could be realized by introducing transverse 
(p,q)-strings in original brane configuration corresponding to generalized Janus con- 
figuration. It turns out the BPS soliton could be taken as modified dyon. We discuss 
the solution of half BPS equations for the sharp interface case. Moreover we construct 
less supersymmetric Janus configuration with theta term. 
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1 Introduction 



Janus configuration is a kind of field tlieory with spatially dependent coupling constant. 
Its discovery was motivated by the attempt of generalizing AdS/CFT correspondenceflTl 
to the case with spatially varying dilaton. The original Janus supergravity solutions is an 
one-parameter family solutions of dilatonic deformation of AdSs, which breaks all super- 
symmetry but preserves full R- symmetry |l2l|. Later on , the other cases preserving part of 
R-symmetry and supersymmetry were discovered EllllSl. Especially, the half BPS Janus 
solutions with global symmetry OS P{4\4) were discovered[|6l Ul El • The dual gauge the- 
ories of the Janus solutions are supersymmetric deformations of A'^ = 4 super Yang-Mills 
theory with coupling constant depending on one spatial coordinate |l3l|9]jl. Some proper- 
ties of half supersymmeric Janus Yang-Mills theory including vacuum structure and BPS 
configuration were discussed in [[TT]|. For the vacuum structure, it was found that except 
for the ordinary Coulomb phase where the scalars are homogenous and diagonal, there are 
additional vacuum structure characterized by Nahm equations. The BPS configurations 
of supersymmetric Janus field theory include 1/2 BPS magnetic monopole and 1/4 BPS 
dyonic monopole. 

However all of the above Janus field theory do not contain a theta term. This sounds 
strange since one can obtain Janus solution in Type JIB supergravity with both dilaton 
and axion through an SL(2,R) transformation. Recently, this puzzle was solved. In [fT2l. 
the authors obtained generalized Janus configuration with spatially varying theta angle. 
The global symmetry is still OS P(4\4) but its embedding in PSU{4\4) is inequivalent to 
the one in Janus configuration without d-term. In order to make the 6 depend on one 
spatial coordinate, the embedding must also depend on the spatial coordinate. On the other 
hand, Janus configuration is closely related to the field theory with boundary [fT3l[T4| . This 
could be seen from the realization of half-supersymmetric Janus by brane configuration. 
The corresponding brane configuration is N D3-branes ending on k successive five branes. 
The limit that k become large and the five-branes are closely spaced corresponds to the 
generalized Janus configuration with arbitrary j-dependent i/r, which is related to the Yang- 
Mills coupling T=:^ + ^= a + 47TDe^"^ with a and D being constants. Actually in the 



'For a field theory with couphng constant depending on a HghtHke coordinates and its AdS/CFT corre- 
spondence, see ifTOl . 
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brane realization, the a and D could be determined by the brane configurations lfT2ll . For 
example, for the configuration of D3's ending on NS5 branes one has a = -AnD. However 
there are no such constraints in Janus field theory. In this sense, Janus field theory seems to 
be more general than the brane configuration. However such brane configuration may help 
us to understand physics of Janus configuration. 

In this paper, we try to study several aspects of the Janus configurations with theta 
term. We first study its moduli space and BPS configurations. We show that unlike the 
Janus configuration without theta term there is no nontrivial vacuum. We obtain the BPS 
soliton equations by imposing more projective conditions on the supersymmetry parameter 
in the field theory. We figure out the brane picture corresponding to half BPS soliton, which 
requires the introduction of (p,q)-string extending along one of transverse directions of D3- 
branes. It turns out that the half BPS soliton could be taken as modified dyon and 1/4-BPS 
soliton could be taken as modified string junction. We discuss the half-BPS solution in the 
sharp interface case. Finally we turn to construct generalized Janus configuration with less 
supersymmetries and find that there is no nontrivial vacuum. 

The organization of this paper is as follows. In section 2, we give a brief review of Janus 
field theory including a spatial varying theta term, and then discuss its vacuum structure. 
This will help us to set up our convention. In section 3, we study the BPS solutions of 
generalized Janus configuration and their corresponding brane configurations. In section 
4, we construct the less supersymmetric Janus field theory. We end with some conclusions 
and discussions. 

2 Janus Configuration With Theta-angle and its Vacuum 

The four dimensional N = 4 supersymmetric Yang-Mills theory allows a deforma- 
tion which result in a field theory with a spatially-dependent coupling constant and half 
supersymmetriesOm. The deformed field theory is called Janus configuration. The Janus 
configuration has been extended to include a spatially varying 9 angle lfT^ . We start from 
a brief review of this so-called generalized Janus configuration. The unperturbed N = 4 
supersymmetric Yang-Mills theory could be written in ten-dimensional notation 




(1) 
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and the supersymmetry transformations are 



6(Ai = leTi'V 

5o*P = ~r"Fjj€ 



(2) 



(3) 



where /, 7 = 0, 1, 2, • • • , 9, A/ = A^jTa, Tr{TaTb) = -6ah/2, Ta = -Ta. The gamma matrices 
r^'s are in Majorana representation, where (r^,r-'} = with signature (- + +...+). The 
gaugino field *P and the supersymmetry transformation parameter e are Majorana-Weyl 
spinors, obeying Fe = e, PP = where F = F012...9. AH the fields are defined in four- 
dimensional spacetime x^,x^,x^,x^. Without losing generality, we pick up one spacial 
coordinate y = on which the coupling constant and 0-angle depend. The components of 
10-dimensional gauge fields Aj with 7 = 4, 5...9 correspond to six four-dimensional scalar 
fields Xj. In this case, the notations Fjj,F^i mean that Fjj = [Xj,Xj], F^j = D^Xj when 
/, 7 = 4, 5. ..9. For simplicity, we use the ten-dimensional notations Fjj in the above sense. 
The theta term is 



The original Janus configurations without theta angle which have eight supercharges is 
given by modifying the action and supersymmetry transformation such that half of super- 
symmetries are preserved. In this case, the supersymmetry transformation parameter e does 
not depend on y. However, e should depend on y in order to add the theta term. Since the su- 
persymmetry transformation is global, any two unbroken supersymmetry transformations 
should close into a translation along jc\ x^. This requires 



There are also other global symmetries. The original symmetry 50(1,9) is broken to 
W = S 0(1,2) X S0(3)x X S0{3)y. The 50(1, 2) is the Lorentz symmetry of spacetime in 
x^, x^ , x'^. The 5 0(3)x acts on X4, X5, while the 5 0{3)y acts on X-j, X^, Xg. Taking both 
the global symmetries and dimension analysis into account, we can make the following 
ansatz for the modified supersymmetry and action transformation. 




(4) 



where e'^i^^ ^-l,e«'2 
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—eT^e = 0, // = 0, 1,2, IT^e = 0. 
ay 



(5) 




(6) 
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/' = J d^x^Tr^ (aTon + fiU^e + 7^7,9) ^ (7) 

+ ^-s"''i:xX,\XM + ^sP'"-TrXp[X^,X,.]^ (8) 
= Jd^^^^X^r + ^^X.X") (9) 

where n,v,A = 0,l,2,a,b,c = 4,5,6, p,q,r = 7,8,9 and s are antisymmetric tensors 
normalized to e"'^ = s^^^ = s^^'^ = 1. All parameters depend on y. Using the condition that 
the Lagrangian preserves half of supersymmetries, we can obtain the following equations: 

de 

— = aTou3€ (10) 
dy 

e((s, + 2j3)Bi + (S2 - 2y)B2 + q) = (11) 

e((ti - 2/3)81 + (t2 + 2y)B2 + q) = Q (12) 

ei4aBo + 2/3Bi+2yB2-q) = (13) 

u = -4a, V = -4J3, w = -4y (14) 

?((-2;0' - 4ya)Bi + (2y' - 4lia)B2) = eA (15) 

r = A + 2fi^ + 2y^-^-q' (16) 

f = -A + 2/3^ + 2y^-^-q', (17) 

-Bo = r4567895-Bl = r34565-B2 = r3789> (18) 



where 



d 1 



^ = eY- (19) 

dy 

and ' means d/dy. One can take q,deldy and the parameters a,l3,y, Si,tj,u,v,w to be 
of first order, while r, r, the second derivatives of e^, e, the first derivatives of the other 
parameters, and the quadratic expressions of the first order quantities to be of second order. 
Note that the first five equations come from the conditions that the first order variation of 
action under supersymmetry transformation vanish, while the vanishing of the second order 
variation leads to the last three equations. Introducing another parameter if/, we set ij/' = 2a. 
We can solve the equation ([K 



l/r if/ 

6 = (cos - - sm -5o)eo, ^2^0 = ^o, (20) 



where eo is a constant spinor. The solution is equivalent to impose the following projection 
condition 

(sini/^5i +cosif/B2)e = e, (21) 

which is the projection condition on e representing half of supersymmetries. The e also 
satisfy the requirement of closure of supersymmetry ^ if tor^^o = 0- The equations from 
(fTTT) to (fTSl) are equivalent to the projection condition (BTT) . So it is easy to obtain the 
following results 

iff' il/' 1 

i/f' = 2a, fi = -:r^, J = - = Dsin2^ (22) 

2 cos if/ 2sim// 

u = -4a, V = -Ap, w = -Ay, 9 = 2na + Sn^D cos 2if/ (23) 

, sin^ il/ , , , cos^ df 

si = 2if/' -, S2 = 2i/r'sini/r, ti = -2(/r' cos i/r, t2 = -2i{/' -. (24) 

cos i/r sm if/ 

Since 6 and l/e^ can be expressed in terms of the usual complex coupling parameter r = 
^ + ^ which takes values in the upper half plane, we have t = a + AnDe^"'' . 

To obtain the vacuum structure of generalized Janus configurations, one may find the 
moduli space preserving full supersymmetries. However, the supersymmetry transforma- 
tion parameter e depends on y. It turns out to be more convenient to use the constant spinor 
eo- AH of the projection conditions on e can be reexpressed in terms of the projection 
conditions on the constant spinor 6o. We can use 6o as the supersymmetry transformation 
parameter instead of e. The total supersymmetry transformation on gaugino is 

^ = Y (^"^" + r''x,(^ir456 + ^2r789) + r%(?ir456 + t2Tj,,)) e. (25) 

Note that after using (|^ and the projection condition (|2T1) . we have 

\ {rXa (5ir456 + ^2r789)) € = V'^X.^^^^e 

2 cosi// 

1 / „ \ :i„ (sini/f)' 

- (YPXp(t,Y45e + ?2r789) e = Y'PXp^-^^e, 

2 ^ sm i/r 

where a = 4, 5, 6, p = 1 , 8, 9. In order to make the expression simple, we denote 

- DAXgCo^ilj) - DsiXpSiniff) 

^3a = ; > ^^p = ■ — ; • i^o) 

cos i/r sm i/r 

Let us consider the moduli space of the theory. We can take = and six real scalars 
only depend on x^. The vacuum configurations preserve all supersymmetries. With the 
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above ansatz, the gaugino transformation (l25l) becomes 

S^' = -e-^5o/2 ^y^a ^ ^-^ ^y^p _ ^^^^^ Xp]^"^^) 5o6o 

+ (tan ifriXa cos iff)'!." + e"'''[Xb, X^]!,"/! + cot iffiXp sin + e'"'''[X^, X,]/2) 60) 
= (27) 

where £^56 = 1^ ^789 = 1^ 21^ = -e''''Ti„ 21^ = -e^^T,^,-. 

The Majorana-Weyl spinor in 16 of 5 0(1, 9) can be decomposed as Vg ® V2, where 
transforms in the irreducible representation 2(g)2x<S)2y of S 0(1 , 2)x5 0{3)x'xS 0{3)y and V2 
is the space acted by S L{2, W) which is generated by Bq, Bi, B2. The 2" are three generators 
of S 0(3)x which acts on the space 2x and Z'' are three generators of S 0{3)y which acts on 
the space 2y. The fifteen matrixes 2", S'', S'^S^ are anti-Hermitian and traceless acting on 
2x iS) 2y. As the trace of the product of arbitrary two different matrixes vanishes, they are 
independent matrixes acting on 2x <Si 2y. And since ^260 = 60 and fii^ofo = -^o, so 60 and 
5o6o are two independent vectors in the space V2. Therefore the vanishing of the gaugino 
supersymmetry transformation leads to 

(Xa cos i^y = 0, {Xp sin i^)' = 

[Xa,Xb]=0, [Xp,X,]=0, [Xa,Xp]=0, (28) 

with the solution 

Xa = -^, Xp = ^, (29) 
cost// smi/^ 

where Ca,Dp's are constant matrices commuting with each other. This is the only vacuum 
we can have. 

One can also study the vacuum directly from the energy functional 



H = f d'x-Triisin i//F,^ - F^^Y + (sin (AF35 - FmY + (sin - F45)' 
+(cos i/rF37 - Fgg)^ + (cos i/f^sg - Fc,jf + (cos iJ/F^g - F-j^f 
+FapF''P) + smif,Tr(X,[X5,Xe]) + ^ cosilfTr{Xj[X,,X,]) 



+Tr(4(A' tan if/XaX" - ^ifj' cot ipX^XP)' . (30) 



The energy is bounded by the boundary term. If the boundary term vanishes, the classi- 
cal vacuum configurations satisfy the above equations (|28l) which we obtained from full 
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supersymmetry conditions of vacuum configurations. Thus we can conclude that there is 
no nontrivial vacuum for Janus configuration with theta term. This is quite different from 
the case without theta term, which has a nontrivial vacuum characterized by a Nahm-like 
equation. 



3 BPS solutions and Brane configurations 

In this section, we try to obtain the BPS solutions which preserve part of the super- 
symmetries in generalized Janus configuration. This require 60 to satisfy extra projection 
conditions which are also compatible with the original condition 5260 = eo- The possible 
projection conditions for supersymmetric parameter 60 are: 

Ti23peo = aeo, Y^"eQ=peQ (31) 

where a = +1,;S = +1. Without losing generality, we just set p = l,a = 4 in the following 
discussion. In this case we have the following identities: 

ri289f0 = -«fO, ri256eO = /560, TsseTfo = -a/Jeo, 15689^0 = ff^^o (32) 

Boeo = -roi23e'o =^ri2346o = -r3456^'o = -cuTojeo = -apYirieQ (33) 

= a;er348960 = -aro389fO = jSro356fO (34) 

If we impose one projection condition in (|3T]) then we get 1/2 BPS configurations. If 
imposing both conditions we obtain 1/4 BPS configurations. After multiplying a factor 
-(cos I + sin |5o), the supersymmetry transformation of the gaugino field becomes 

r'^(Fi2 - F56ri256 - ^89ri289 + sin (/rF34ri234 - ^37 COS l]/Tn3i)eQ 

+r^^(^23 - COS ipFi-iYn-ii + sin i/rFi4ri2345o)eo 

+Y^^ (cos iJjF-ii - COS iJ/FjlT 1231 + Smi//F24Xi234Bo)€o 
+(cos I// + siniA5o) [r'\Fi5 + i^26ri256) 

-|-r^^(Fi6 - i^25ri256) + r^*^(Fi8 + F29ri289) + ^^^(Fl9 - ^28ri289)] ^0 

+r°i(Foi + COS i/fFuT^^ + sin i/fF„YoTBo)€o + T°^(Fo2 + cos iAF24r*'^ 
+ sin il/F2iTQjBo)eQ + r*"(Fo3 + cos iI/F^^Y'^'^ + sin i/rF37ro75o)6o 
+r°^cos iAFo4 - sin iffFoir„Bo)eo + r"'(cos ifrFos - i^45r°^ 
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- sin(/rF36ro3565o)fo + r°^(cos ^Foe - F4(,Y°'^ + sin 1/^^35 ro3565o)eo 
+r'''(cos (AFo7 - F4il^^ + sin i/fFo4r4iBo)eo + r°'(cos ilfFo, - F^^I^' 

- sin(AF39ro3895o)fO + r*'''(C0S lffFo<) - F49r*"^ + sin(/rF38ro3895())6o 
+r^\F5s + F69r5689)eo + r5'(i^59 - i^68r5689)6o + T^'CCOS (^^35 - i^67r3567 

- sini/rFo6ro3565o)eo + r^'^(C0S 1/^^36 + F57r3567 + sin l/fFo5ro3565o)6o 

+r3'(cosiAF38 + Fj^T''''^ - siniAFo9ro3895o)eo 
+Y^\cosiJ/F,9 - Fj^r^'''' + siniAFo8ro3895o)eo 

The gaugino transformation should vanish for BPS configurations. Imposing projection 
condition (|3T]) . 6^ = if all terms vanish separately. This leads to the following nontrivial 
part of 1/4 BPS equations: 

Fu - fiFsf, + aFgg + /3 sin i^F34 - a cos 1/^^37 = 

F23 + /3 sin i/fFi4 - a cos i^Fn = 0, F31 + /3 sin tffF24 - a cos 1/^^27 = 

F18 - aF29 = 0, Fi9 + aF28 = 

F,5+/3F2e = 0, Fi6->eF25 = 0, F59 - or^SFes = 

F58 + Q'/3F69 = 0, Foi + a sin t/rFn + /3 cos i/rF^ = 

F02 + a sin 1//F27 + /S cos i^F24 = 0, F03 + a sin if/Fsj + /3 cos 1/^^34 = 

cos (AF04 + a/3 sin (/fFo7 = 0, cos i/fFos - /3F45 + /3 sin 1/^^36 = 

cos iffFo^ - /3F46 - yS sin (^^35 = 0, cos i/rFo7 - >SF47 - o;/3 sin i/fFo4 = 

cos iJ/Fos. - /3F48 - or sin 1/^^39 = 0, cos if/Fo^ - /3F49 + a sin 1/^^38 = 

cos 1I/F35 + /3 sin iJ/Foe + a/3Fe7 = 0, cos 1/^^35 - /3 sin iJ/Fos - a/SF^j = 

cos (Ai^38 - a sin if/Fog + F79 = 0, cos ^^^39 + a sin i/^Fqs - i^78 = (35) 

These equations contain unknown parameter i/r which depends on y, and seem to be impos- 
sible to solve. 

It is easier to deal with half BPS configurations. The nontrivial part of half BPS equa- 
tion with one of the projection conditions F 1237 60 = aeo and yS = is made of 

F12 + aFs9 - a cos i/zF^j = 0, F23 - a cos i//Fn = 
F31 - a cos if/F27 = 0, Fqi + a sin i/zFn = 
Fq2 + a sin 1/^^27 = 0, Fq^, + a sin iJ/F7,-j = 

9 



Fig - aF29 = 0, + aF2s, = 

cos i/^Fo8 - a sin i^Fi,^ = 0, cos t/rFag - a sin i/rFog + F79 = 

cos i/rFo9 + o: sin i/'Fsg = 0, cos if/Fsg + a sin i/zFog - Fjg = 0. (36) 

The last two lines of the above equations could be reduced to 

F39 = cos 0-^78 Fos = a sin i//Fjs (37) 
F38 = - cos i^Fjg Fo9 = as'mif/Fjg. (38) 

One can simplify the equations further by let Xg = Xg = 0, then the first six equations are 
the dyon equation when iff is a constant. Although generically if/ is not a constant in the 
Janus field theory, the above equations could be organized as 

Bi = a cos if/DiXj, i = 1,2, B^ = acosil/ 

sini/f 

D3X7 

Ei = -a s'mtffDiX-j, i = 1,2, £3 = -or sin 1/^ (39) 

sini/r 

where Xj = sinif/X-j, Ef = Fa, Bi = ^e'^'^Fj^ One may take them as modified equations 
for dyons, as we will show soon. They are quiet different from the monopole equations in 
[pTI. It would be interesting to solve these equations. We will discuss the solution in the 
sharp interface case. 

The trivial part of the BPS equation involves the equations on X4 5 6, which requires 
them to be constant. For simplicity, we set X4 5 6 = 0. 

Let us consider the energy functional in the case that the six adjoint scalars except Xj 
vanish. The energy functional takes the following form 

H = - J £x^Ti:{{Bi - acoti/fD.Xj)'^ + {Ei + aD^jf) 
To get it, we have used the Gauss law 



+a I d'xdiTr(^(coti//BiXT - EiXj)) (40) 



Dii^Ei) + 2^53 = 0. (41) 



^Tfiis is notation for the magnetic fieid strengtfi witliout confusing with the previous notation for gamma 
matrix products. 
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It is obvious that the energy functional is in consistent with the BPS equation we obtained 
from supersymmetry analysis, if the boundary term is ignored. 

Since it is hard to solve the half-BPS equations, it is useful to recall the BPS soliton in 
usual field theory. For simplicity, let us assume the gauge group to be SU{2). The adjoint 
scalar is written as (f> taking vacuum expectation value = e^v^ in the spatial infinity 
where S U{2) is broken to t/(l). In the traditional field theory, the coupling is a constant 
and the magnetic charge Q,„ is related to the winding number 

dS'—Tr{(pBi) = 21 (42) 

,2 e^v e 

■*inf 

where is the winding number of scalar field configuration. However when the coupling 
is spatially varying, the relation between magnetic charge and the winding number is not 
clear. For the electric charge, 

Qe = -2 [ dS'Tr-^Ei(P, (43) 

inf 

we have to take into account of the Witten effect [15J in the presence of the theta term. 
The generator that generates the gauge transformations around the direction 0" is 6A^ = 
(l/ev)D^(f)'', whose corresponding Noether charge is 



dS'Tr{-^Ei(P+-^Bi((>) 

inf 

= ^ + |^a„ (44) 

by using the Gauss Law. must be an integer, since In rotation is not a transformation 
and leaves the state invariant, giving e'^™" = 1 . 

In our case, we can identify X-] as the scalar field above. Then using the corresponding 
BPS equations (|39l ) and l/e^ = D sin 2i/r, = 2n{a + AnD cos 2i/^), one can find 

nelnm = a + AnD. (45) 

We will show that the similar relation also appears in the discussion of brane configuration 
of BPS solition as (p, ^)-string. This suggest and Um should be identified as the charges 
carried by (p, q) string on D3-brane worldvolume. 
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For Janus configuration with spatially varying coupling and theta term, one has to care- 
fully define the electric and the magnetic charge of the BPS soliton. Let us take the follow- 
ing definition, which could be reduced to the usual ones consistently: 



Q,n = 2 f dhdiTr(^BiXj), 2. = -2 f d'xdiTT(-^EiX-, 
The energy of half BPS soliton solution is bounded by 



). (46) 



\ \ d'xdiTr:i^{cosi//BiXj -smi//EiXj))\ (47) 



with equality if and only if the BPS equations are obeyed. This inequality looks different 
from the usual BPS relation between the mass and the charges. However, if we consider a 
simple case with i/r being a constant, then we have 

M > v\ cos ifrQm + sin i/fQel 

> v^Qi + Ql. (48) 

In the above relation the equality is saturated if the BPS equation is satisfied and tan ijj = 
QelQm which does hold taking into account of the relations (I44I42I45I) and the expression 
of and 6 in terms of if/. This suggests that the half BPS solution is actually a dyon. For 
a dyon with charges {p, q), M is proportional to \p + qT\ with t being a complex coupling 
constant, and 

i/r + -;r = arg(p + qr). (49) 

This sounds somehow strange since if/ is an arbitrary function in Janus configuration. How- 
ever, as we will show in the discussion on brane realization of BPS soliton, in order to have 
half BPS configuration, the possible {p, q) string is very restricted and indeed (|49|) must be 
respected. 

Here seems a puzzle. When if/ being a constant, the Lagrangian of Janus configuration 
reduces simply to the one oi N = A super- Yang-Mills theory. And there should be vari- 
ous possible dyonic solutions in the theory. At first sight this is in contradiction with the 
result we just obtained. However, note that even when if/ being a constant, we have extra 
projection condition on supersymmetry parameter and the field theory has actually half of 
the original supersymmetries. The extra projection condition leads to stringent constraints 
on the possible BPS solitonic solutions. In the brane picture, the extra projection condition 
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comes from the presence of 5-brane system. The constancy of i]/ along the whole y corre- 
sponds to the case the i/^ being the same on two sides of 5-brane system. In this case, the 
explicit solution of BPS soliton solution is the same as the one in A/" = 4 SYM with the 
dyon charges being relatively fixed. 

Next let us consider a little more complicated case. We assume that ij/ take different 
values on two sides of 5-brane locating at y = 0. In this so-called sharp interface case, ij/ 
changes from one constant value to another one at the interface, namely 

lAi, J > 



(50) 
1A2, y < 0. 



Similar to [[TT| one can still solve the BPS equations in the abelian limit that the nonabelian 
core size vanishes. In the abelian limit, the question is simplified to the one in traditional 
electrodynamics. However, one has to be careful since we are discussing the dyon which 
induce both point- like electric and magnetic sources. In fact, from BPS equation, the fact 
BilEi = - cot i/r suggests that B, and £, cannot be both continuous across the interface since 
iff is different on two sides. In the following discussion, we just focus on the magnetic field 
and the electric field is given by = - tan ifrBj. For a single dyon with one unit of magnetic 
charge aty = yo > 0, we have|^ 

Bi = cottAA'X? = 10-3/2 



^ (xi,X2,y-yo) cot^i/>i-cot^i/r2 (xi,X2,y+yo) ^ ^ n 



2cot^i/>2 (xi,X2,y-yo) 



cot- +cot2 1^2 ' 

where r+ = x\ + x\ + (y + yof. The scalar field is 



(51) 



X^ = zo-3/2 



sini^l^ cot-i^ir+ cot^i^i(cot-i/<i+cot^(42)r_'^' 

1 (y 2 ]_-> y ^ Q 

sin tfi2 cot^ tfij +cot- i/'2 ''+ 



(52) 



where v = yjj^^^v and v is a constant being related to Xj /e at positive infinity. It is easy 
to see that the total magnetic flux is 4n at the spacial infinity. And the charges of the dyon 



are 



_ 47r(cos i/ri cot^ i/ri -I- COS (/f2 cot^ 1/^2) / 2D sin l/ri 
Qm = 7i 1~, 1/ ; — (53) 

cot if/f + COt^ lf/2 V COS l/ri 



47r(sin i/ri cot^ i/r, -1- sin il/i cot^ tl/j) \2D sin 

Qe = — — - — :P — — — \ (^4) 

cot i/Tj -I- COt-^ lf/2 \ COS (Ai 



''For a realistic dyon with charge (p, q), the electric and magnetic field strength is simply the multiple of 
the ones for one unit charge in the Abelian limit. Therefore, we just focus on the case with one unit charge. 
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when i/fj = (/r2 we have Qm = 4-n/e which is the charge of a single monopole. To obtain the 
above solution, one needs to take into continuity condition on various fields. Here we take 
Foi,Fq2,Fi2 and to be continuous at the interface. Obviously the scalar field Xj is not 
continuous. 

Another simplification is to let A, = 0, Aq = X-j and X7 g 9 depend only on y. This leads 
to the following equations 

Fgg = COS 1/^^37 (55) 

F97 = -F38 (56) 

COS(/r 

= -^F,,. (57) 
cos if/ 

One can also obtain the energy functional in this case 

H = - J £x^TriF^9-cosi/iF,jf- + (Fo3 + smifiF,jf 

+(cos iJ/Fos - sin ifjFi,^)^ + (cos ij/Fo,^ - sin t/ri^og + F-]^)^ 
+(cos (/fFo9 + sin ipF^^f + (cos 1/^^39 + sin tA^os - F-,^f 
+{\{2 cos <ATr(X7[X8, X9] - (A' cot (^TrX^X^ - 2F03X7))' (58) 

by using the following equation of motion 

D,{^Fo3) + [Xs, Vos] + [^9, V09] = 0. (59) 

e-^ 

Similarly it is in consistent with the BPS equations. One can also obtain the 1/4 BPS 
equation from the energy functional analysis which is similar to the above case. It contains 
some boundary terms and square terms which are left hand of the equations in (l35l) . 

To solve the BPS equations, without losing generality, we can assume the gauge group 
to be S U(2) and make the following ansatz, 

Xj = -iMy)(ri/2, X, = -if2iy)(T2/2, X<, = -if,{y)cr^l2, (60) 

with cr,'s being Pauli matrices. The above set of equations could be reduced to 

cos(/r5,,(/i sini/r) COS (/r5,,(/2 sin i/r) 5,.(/3 sin l/r) 

/2/3 = : — ; , /1/3 = : — ; , /1/2 = —. — -• (61) 

sm i]/ sm ij/ cos i]/ sm ip 

If i/r is a constant, the above equation could be solved by a proper rescaling of /3(>'). The 

solutions are 

Fcnk(F(y - yo)) 



fi(y;k,F,yo) = 



stikiFiy - yo)) 
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, r, . Fdnk(F(y - yg)) 

f2(y;k,F,yo) = — — 

sntiFiy - yo)) 

Fcos iff 



f3(y;k,F,yo) = 



srikiFiy - yo)) 

where sn^,cni^,dn]^ are Jacobi elliptic functions with k being elliptic modulus and F > 
0,^0 arbitrary constants. However if ij/ is an arbitrary function of y, the equations (IST]) 
become very difficult to solve. 

Another projection condition r°'*6o = l^^o and or = leads to another half BPS configu- 
rations 

Fn - fiF^e + /3 sin iJ/F,^ = 0, F23 + /3 sin ifrFi, = 
F31 + p sin (/fF24 = 0, Foi + /3 cos ipFu = 

F02 + P cos if/F^A = 0, Fo3 + yS COS 1/^^34 = 

Fi5+J3F26 = 0, Fi(,-J3F25 = 

COS if/Fo5 - /3F45 + /3 sin if/F-ie = 0, cos if/F^s + /3 sin if/Foe = 

cos if/Fo6 - /3F46 - /3 sin if/F^s = 0, cos if/Fj^, - /3 sin i/^Fos = 0. (62) 

The discussion is very similar to the former case. 

Let us return to the 1/4-BPS equations. Since the projection conditions only involve 
two directions 4 and 7, one may simplify the discussion by set X5 = = Xg = = 
such that the equations could be rewritten as 



smi/r 
^3(^7 sin i/f) 



DiX4 = -/3{cosi//Ei + simf/Bi), i = 1,2 
a{- sin if/Ei + cos i/rBi), 
-jS(cos il/Ej, + sin (^-63), 



DjXj = a{- s'mi^Ei + cos i/fBi), i = 1,2 
^3(^4 sin i/f) 



= a(- sin if/E^ + cos i(/B^), 



D0X4 = DoXj = 0, [X4,Xj] = 0. (63) 

When iff is simply a constant, the above equations are the ones for BPS string junctions 
in SYM [fT6l[T7]| . Therefore the above equations could be taken as the ones for BPS string 
junction in Janus configuration. It would be interesting to solve these equations. 

Next, we will analyze the corresponding brane configurations of the BPS solutions. The 
brane construction of the theory is D3-brane ending on five-brane. D3-brane extends along 
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the 0123 directions. There may be two groups of five-branes. One of the (p, q) five-brane 
extends along 012456 directions and the other one (p',q') extends along 012789. If one 
takes ei and 62 as the supersymmetry parameters of the left and right move modes in type 
IIB theory, then the unbroken supersymmetry for D3-brane is just 

£2 = roi23fi (64) 

The 61 is identical to e in the above Janus field theory. Using (12012 II) . we also have 

61 = (cos — - sin —Bo)€o, (s'mif/Bi + cos 1/^52)61 = ei (65) 

As we have argued before, the projection condition on 61 can be transformed to the pro- 
jection condition on 60. We can write it as Y'eo = 60. To be compatible with the original 
projection condition £260 = eo asks that F and B2 must commute. But if we want to know 
the brane configurations of the corresponding BPS configurations, we should know the pro- 
jection condition on 61. Let us consider a (p, ^)-string extended along Om directions. The 
supersymmetry condition for (p, ^)-string is 

61 = -r(cos t6i - sin ^62) (66) 



where Y = Fom and t = arg^qr + p). According to (l64l) . it is equivalent to ei = -r(cos tei + 
sin tBoei) = -Te'^^ei. Using (l65l) . we express it in terms of 60 as follows 

If the {p, ^)-string extends along 1, 2 or 3 directions, it will be dissolved in D3 branes 
and form a bound state HlSll whose supersymmetry conditions are different from (|64|) . In 
this case, one has to find a noncommutative field theory for Janus configuration 1171. For 
the (p, ^)-string extending along other directions, we have TBq = -BoY, and then 

eo = -Fe('-'^^^°6o = -(cos(f - i^)T + sm(t - i^)TBo)€o. (68) 

The compatible condition leads to 

cos(? - (A) = 0, if F52 = -52F (69) 



with the solutions 



t = iJ/ + n/2, -FBoeo = 60 
t = \f/- nil, F5oeo = fo 
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(70) 



or 

sm(t - lA) = 0, if YB2 = B2T, (71) 

with the solutions 

t 

t = il/, Teo = -6q 

(72) 

t = il/ + n, Teo = 60 

The relation of t and iff can determine p/q in terms of a, D or vice versa. For example 
t = if/ is equivalent to 

sin (A ^ Im(p + qr) ^^^^ 
cos iff Re(p + qr) ' 

which leads to p/q = AnD - a by using r = a + AnDe^"^. Similarly t = iff + n/l leads to 
p/q = -a - AnD. 

The above analysis is for the general case. Now let us be more specific. For {p, q)- 
string extending along 04 we have F = F04. Since F0452 = B^Vq^ satisfying (ItTI) . we have 
the corresponding solution (1721) that Y^^e^ = 60 for t = if/ or F^'^to = -^o ior t = if/ + n. The 
constraint for the charge is 

p/q = AnD - a. (74) 



Here the projection condition is exactly the same one in (1311) for a = Am generalized Janus 
configuration. Thus the half BPS solution (|62l) we obtained above could be realized by the 
brane configuration with {p, q)-sixmg extending along 04. The discussion for {p, ^)-strings 
along 05 and 06 cases is similar. 

The thing is actually a little subtler here. In the brane picture, the integration constants 
a and D are determined by the background branes. For the generalized Janus configura- 
tion, one can consistently add 5-branes along 012456 or along 012789 or both[T2]. To be 
consistent with (fT?!) . generically only 5-branes extending along 012456 are allowable. This 
brane picture may help us to understand the equations in (|62|) . For example, the fact that 
{p, ^)-string along 04 looks like dyon from the point of view of D3-brane extending along 
0123 explains the modified dyon equations in (l62l) . And the fact that (/>, ^)-string realize 
the instantons in transverse directions 1256 of 5-branes is encoded in the fourth line of (|62|) . 

On the other hand, for the strings along 07 case the projection condition is F123760 = +60 
as F0752 = -BjTq-] and the charges has to satisfy p/q = -a - AnD, which asks the 5- 
branes to lie along 012789 consistently. In this case, the parameter t = iff + n/2 matches 
exactly with the relation (49) and the charge ratio is reminiscent of (45). This is exactly in 
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match with the half-BPS solutions in generalized Janus configuration obtained by imposing 
one of the projection condition in (I3TI) with p = 1. The string orthogonal to D3 branes 
worldvolume realize a dyon in D3 branes. For the strings lie along 08 or 09, we have the 
same picture. 

4 Less supersymmetry Janus Configurations Witli Tlieta 
Angle 

Less supersymmetry Janus Yang-Mills theory without theta angle have been considered 
in ll9ll lfTT]| . We can use the similar technique to investigate the case with theta angle. We 
can impose additional project condition to the susy parameter eo as long as the conditions 
are all consistent. In order to make the expression simple, we use the following notation: 

-Soi = r3456, Bii = r34g9, B21 = Bji = Tj^j^, (75) 

Bi2 = BoBn, / = 0,1,2,3 (76) 

They satisfy the relations 5^ = -l,B^j = 5| = l,5o5,i = -BuBq. The projection condi- 
tions for 1/4 supersymmetry configuration which have only two supercharges are 

5,-26o = /z,-6o, (77) 

where /z; = +1,/ = 0,1,2,3. The compatible conditions require /zq/z 1/12/13 = -1. In fact 
there are only three independent constraints. They are equivalent to 

(sin (^5,1 -I- cos i]/Bi2)e = hie. (78) 

Similar to [12] we can also analyze the brane configuration of the fivebranes that lead to 
the above supersymmetries. For (p, (5r)-fivebrane extending along the 012456 directions 
imposes a constraint 

= -roi2456(sin tei + cos te2). (79) 
If existing both types of branes, then we have 

61 = -(-cos?5ii -I- sin?5i2)6i, (80) 
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where t = arg(^ + pr). Compared with (TTSl) . we find t = ij/ + n/l. It leads to a constraint 
on the charges that is q/ p = -a - AnD. Other projection conditions correspond to {p,q)- 
fivebranes extended along 012489, 012597 or 012678. Their constraint on charges are 
the same so that they have the same charge for fivebrane extended along these directions. 
However the fivebrane also can extend along 012789, 012567, 012648 or 012459 and they 
have the requirement t = i^ or t = ifr + 7r which lead to the same condition of the charge 
q/p = -a + AnD. 

The perturbed supersymmetry transformation could be 

cJi^ = Y^i(r'X,,(snr3Bn + ^,-2r35,2) + TP^XpXtnr.Bn + taT^Ba))e, (81) 

whereto = 4, 5,6, = 4, 8, 9, 6(2 = 5,9,1, ai, = 6,7,8,po = 7,8,9,/>i = 5,6,l,p2 = 
6, 4, 8, p3 = 4, 5, 9 and C,'s are constants. The ansatz for perturbed action is 

I' = Jj4.^^Tr¥(aroi2 + C,0S/r35n+%r35,-2))T, (82) 

3 

+ J]iC~s"-''''^TrXa,[Xh.,X,,] + C,-^e^'*'-'TrZp,[Z,,,X,])), (83) 
1=0 



r = I d'^xTvi-r^.XM, (84) 



where s are antisymmetric tensors normalized as s^^^ = s^^'^ = = e^^^ = s^^^ = 
g567 _ ^648 _ g459 _ j There are undetermined parameters a,/3i,yi,u,Vi,Wi,rmn in the 
perturbed action, which should be determined by supersymmetry. Since the zeroth order 
and first order terms under supersymmetry variation are linear in Co, Ci, C2, C3, the terms 
containing C, vanish separately. Then the equations for the parameters are similar to (flOl)- 
(fT4l) . where Bi,B2,P, y, v, w become Bii,Bi2,/3i, ji, v,, w,. So we have similar solutions for 
the undetermined parameters 

(A' = la. A- = -hiir^, = ^'T^' (85) 
2cos(/r 2smi/r 

u = -Aa, Vi = -Api, Wi = -Aju 4" = £>sin2(/^, (86) 

2 

Six = 2/7,i/r' -, Si2 = 2hii]/' sini/r, (87) 

cos l]/ 

,COS^l/r 

ta = -Ihul/' cos if/, ti2 = -2hiif/'^-j-. (88) 

smifj 
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However there is an additional constraint for C; that is 2; C,- = 1. 

The second order variations of the action come from three parts. The first part is the 
perturbed modified supersymmetry transformation of /', which will be denoted as dil'. 
The second one is from 6il which contains both the first order and the second order vari- 
ation parts. We denote the second order variation part as 6il\2. The last one is from the 
unperturbed supersymmetry variation of /"'. Their expressions are the following 



dor = d''x-r,„„l(Y„Xr+r„X^W. (89) 



Using the identities (r78l). (|87]) and (1881) and requiring the second order variation of action un- 
der susy transformation vanish, we can determine the parameter r,„„ and have the following 
formof /"' 



/"' = ^ J ^'-^ (21^" + (2iA' tan i^)') Tr ((Q + Ci )Xl + (Co + C2)Xl 
+(Co + C3)Xl + (C2 + C3)X^ + (Ci + C3)Xl + (Ci + C2)Xl) 
+ (li/r'^ - {111,' cot lA)') Tr ((C2 + Ca)^^ + (Ci + Ca)^^ 
+(Ci + C2)Xl + (Co + C,)X^, + (Co + C2)Xl + (Co + C3)X2) 

+ ^^)Tr((Co + Ci)(C2 + C,)(Xl + X^,) 
cos2 (/r sm-^ (A 

+(Co + C2)(Ci + C,)(Xl + Xl) + (Co + C3)(Ci + C2)(Z^ + Xl)). (90) 

The detailed calculation is given in the appendix. 

Similar to the case studied in [|9||[|TT]|. there is enhanced global symmetry S U(3) with 
1/4 supersymmetry when Co = Ci = C2 = C3 = 1/4. For Co = Ci = 1/2, C2 = C3 = the 
half supersymmetric configuration has enhanced global symmetry S 0(2) x S 0(2). 

With the same method of obtaining eight supercharges vacuum structure, we can ana- 
lyze the vacuum structure of half supersymmetric configuration. Without making confu- 
sion, we take the following notation: 

1,^3 = X,+3(cos«A)'^''^^'(sin(A)^-^°-^', F, ,-^3 = 7 „cZ'^'-\m c c (^1) 

(cos i/r)'-''+c,(sin ij/y'Cfi'Ci 
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where i = 1, 2, 3. With these notations one can simplify the expression of the part action 
/ + /"'. Replacing the terms ^FjaF^" + {F^pF^P in / with {F^aF^" + ^F^ppP and other 
terms not changing, the modified action of / is then identical to the original action / + /"' 
except for additional boundary terms proportional to i^' which vanishes if i/r' = at infinite. 

Let us consider the case C2 = C3 = 0, Co + Ci = 1. Taking the ansatz X5 = = 
0, = 0, A3 = 0, r3789 = r35676o = ^0 and the scalars only depending on X3, we obtain the 
following equations, 

sin i^Fj4 + cos i//Fi,j - Fgg = 0, sin i/zF^^ + F49 = (93) 
sin i/rF39 - -^48 = 0, sin iJ/Ft,^ - cos 1/^^34 = (94) 
cos i/rF38 + F79 = 0, cos i//Fs9 - F78 = (95) 

Also we can obtain these equations from the energy functional 

H = - f J^x4rTr((sin if/F^j - cos 1/^^34)^ + (sin iI/F^s, + ^^49)^ + (sin i/zF^g - F^^)^ 
J 

+(sin 1I/F34 + cos if/Fs7 - F^<))^ + (cos il/Fi,g - Fgj)^ + (cos 1/^^39 - ^78)^ 

+ 1^ sin mXdX,, X,]) + ^ cos mYj[Y,, Fg]) j , (96) 

where we have omitted a boundary term proportional to iff' which is vanishing at infinity 
after integration. The energy is bounded below by the boundary term. When the boundary 
term vanishes, the minima of the energy gives the equations (I93H95I) . The trivial vacuum 
is to let all X's commute with each other such that X4, Xp are just constant. This is similar 
to the vacuum of generalized Janus configuration. However, for the less supersymmetric 
case, Xp have difl'erent dependence on if/ for diff"erent values of Co, Ci. This means that the 
vacuum is difl'erent for different less susy Janus configurations. 

To get the nontrivial solutions of (I93H95I ) seems difficult. Since we do not know the 
dependence of if/ on y, we can not solve the equation directly. However they look like 
Nahm equations. From the second equation in (|94l) . we have X4 = Xj + c with c being a 
constant. The above equations are simplified as 

D3I7 = (tanif/f'~^°[Xg,Xg], sin iff cos if/D^Xg = [19,17], sin 1/^ cos 1/^^319 = [l7,l8] 
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Now let us prove there is no nontrivial vacuum. Without losing generality, we can assume 
the gauge group to be S U(2) and make the following ansatz, 

Xj = -io-igu Xg = -ig20-2, Xg = -ig^cr-i (97) 

^ ^ /i(j) ^ ^ fiiy) ^ ^ My) ^^g^ 

sin 2i/r ' 2 sin (/r^o cos i/^Ci ' 2 sin i/rCo cos i/r^' 

with cr,'s being Pauli matrices. If (/^ is a constant, the above set of equations could be 
reduced to 

f2h = dyfu hh=dyh, fj2 = dyh, (99) 

whose solutions are 

fi(y;k,F,yo) = 
f2(y;k,F,yo) = 

f3(y;k,F,yo) = (100) 

where suk, cnt, dnt are Jacobi elliptic functions with k being elliptic modulus and F >0, yo 
are arbitrary constants. The permutations of /i, /2 and are still the solutions of the above 
equations. 

However when generically i/r is not a constant and depends on y, it is not easy to solve 
the equations. Nevertheless let us start from simple case in which i/^ is a constant in the 
section {yj, j^+i), where j = 1,2, ...n and yj < yj+i. Namely the y/s divide the X3 coordinate 
into n + 2 sections and i^{y) is a ladder function. In different section, i/r, F, k and yo can have 
different values. Note that sn/, is a periodic function with period 4K(k), where K(k) is the 
complete elliptic integral of the first kind. The function K(k) goes to infinity at k = 1 . As 
the zeros of sni,(y) are j = 0, 2K{k), the above solutions blow up at the zeros of the function 
sn^iFiy - yo)). In order to avoid the infinity in each section, one has to carefully choose the 
parameters such that in each section snkiFiy-yo)) is always positive or negative. Recall that 
^ = D sin 2(/f, so we have < ij/ < n/2, sin ifr, cos if/ > 0. Since X-],Xg, X9 are continuous 
functions, then ^2,^3 are always positive or always negative by using (|98l ). However, this 
requirement can not be satisfied. In the sections j < ji and y > y„+i we must take k = I 'm 

order to avoid the infinity. Then the solution becomes 

F cosh(F(y - vn)) 

Hy;k=\,F,yo) = . . (101) 

f,(y;k=l,F,yo) = f2(y;k = l,F,yo) = --—^ -, (102) 

smh(F(3; - yo)) 
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so we have gzCyO > 0,^3(^1) > and g2(yn+i) < 0,^3(y„+i) < which are contrast to 
the above requirement. This indicates that we can not find nontrivial solutions in the case 
that 1/^ is a generalic ladder functions. Since the ladder functions can approach to a general 
continuous functions, we can conclude that there is no nontrivial vacuum for general profile 
of i//(y) satisfying < ij/ < n/l. In the Janus configuration without theta angle, there is 
no nontrivial vacuum if there is no point where vanishes [fTT]|. In the point where 
vanishes, the rescaling scalar need not to be continuous so that there can exist nontrivial 
solution. However we do not have such special point that the rescaling scalars can not 
be continuous in the Janus configuration with the theta angle. So finally we do not have 
nontrivial vacuum. 

Finally, we give the equations for the vacuum preserving two supercharge, correspond- 
ing to the case with Q = Ci = C2 = C3 = 1 /4, 

sin 1/^^34 - F56 - Fgg + cos 0^-1 = 0, 

sin l/rF35 - F64 - F97 + cos l/rF38 = 0, 
sin l/rF36 - F45 - F78 - COS l/rF39 = 0, 

sin 1/^^37 - F59 - Fes - cos = 0, 

sin (/rF38 + F49 + Fgy - cos 0j,5 = 0, 
sin l/rF39 - F48 + F57 + cos l/rF36 = 0. 

5 Conclusion 

In this paper we studied several aspects of Janus configurations with 0-angle. We dis- 
cussed the vacuum structure of the original field theory proposed in |fT2l|, both from the 
supersymmetry analysis and energy functional. It turned out that the vacuum structure is 
quite different from the one of Janus configurations studied in [[TT]|. where a nontrivial vac- 
uum structure had been discovered. We also investigated the BPS solutions of generalized 
Janus configurations. These BPS solutions turns out to be the dyons in the field theory, with 
a nice brane configuration as {p, ^)-strings ending on D3-branes. Finally, we discussed the 
less supersymmetric Janus configurations with 0-angle and proved that it had no nontrivial 
vacuum. We started from the most general projection conditions and obtained the Janus 
configurations with two supercharges. We found that in special cases the global symmetry 
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got enhanced and the configurations had more supersymmetries. 

We tried to solve the half BPS soliton solutions in the Abelian limit in the sharp interface 
case. It would be important to find the solutions without taking the abelian limit. And it is 
also interesting to find 1/4 BPS string -junction solutions. For the case with more interfaces, 
the construction of the solution is more complicated. 

In the study of the brane configurations corresponding to the BPS solutions of gen- 
eralized Janus configuration, we studied the compatible ways to introduce {p, ^)-string in 
(D3, 5)-brane system. One situation we did not discuss is that when (p,q)-string lie in the 
worldvolume of D3-brane, in which case the (p,q)-string and D3-brane would form bound 
state [fTSl . This would result in a noncommutative Janus configuration. It is interesting to 
construct such a field theory [[T9ll . 

In [l6l|7l[8l|20l, the half-BPS Janus supergravity solutions were studied systematically. 
In this case, the global symmetry OS P(4\4) is essential to making ansatz to solve the super- 
gravity equation. For the less supersymmetric case, the global symmetry is further broken 
due to the presence of other 5-branes. It would be interesting to construct the corresponding 
supergravity solution ETll . 
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A Appendix 

The second order variation of action can be simplified as following by using (I87I88I) 
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+CiCjhj 



-eV-Xai- sin iJ/Bn + cos i/rfi^) 

r ' 

eTP-Xp^{- sin + cos (A^yz) ) 



-CiCjhj 




(103) 



and 




/I2 = -/ rj^^Tr((-% + iA)(?C,-2(A'tan^))r''X„,»F 



-—J J'^xQ (^(A' tan (A + (2(/r' tan (/r)') IT^'Xa^ 
+C;(<A"taniA)?5or"X„,¥ 
+Ci (-^(A' cot lA - (2iA' cot (A)') eTP-Xp^^ 



+/ r J^xTr((-^ + iA)(eC,2<A'cot^))r^'Xp,:P 



ay 



ay 



+Q(-iA"cotiA)i5on%,.¥ 



(104) 



Note that ef'T^X- sin iA5yi +cos lA^ya) are proportion to ?(sin iA5yi +cos il/B j2)T'''Xa., using 
the project condition (fTSl) . they are proportion to €hjY"'Xa- which is the same form of (l89l) . 
Since susy require 61"' + dil' + Sil\2 = 0, such terms should cancel each other. However, 
we have another form eBoT"'Xai. These terms cancel each other in (| 1031) (| 1041) . 
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